The micromixer, which has a rotor with a curved channel, is studied experimentally. The secondary flow in a curved channel of rectangular cross-section is investigated using PIV (Particle Image Velocimetry) and LIF (Laser Induced Fluorescence) methods. Two walls of the channel (the inner and top walls) rotate around the center of curvature and a pressure gradient is imposed in the direction of the exit of the channel. 
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Introduction
Recently, a great attention has been paid to the development of a micro-chemical-analysis device called μTAS (Micro Total Analysis Systems) in the field of the chemistry and biotechnology. This device, which consists of various micro-flow devices and sensors, functions in a series of operation such as mixture, reaction, separation and extraction. However, the flow is in the low Reynolds number region because of the micro-size of the channel, so that we cannot expect mixing effect by turbulence. Therefore, other mechanism is needed to mingle low Reynolds number flows efficiently in the micromixer. The micromixers of various methods have been studied so far. Since a micromixer with comparatively simple shape among them can be made using the method of creating secondary flows within the channel, the study of of μTAS. Stroock et al. [1] studied a micromixer generating secondary flows in a channel by carving a ditch on the channel wall surface. Kim et al. [2] also studied a micromixer using a similar method. Sato et al. [3] made a micromixer which generates stronger secondary flows by carving ditches on the three wall surfaces of the channel. It has been shown that these methods are effective when the flow velocity is fast, though the pressure loss becomes a serious problem in this case. On the other hand, the micromixer which uses the chaos of the flow was studied by Niu et al. [4] and Tabeling et al. [5] . It was shown that the flow is miscible within a relatively short channel distance compared with that by the mixing using only non-chaotic secondary flows. Therefore, we propose a micromixer making use of the chaos of the secondary flow, specifically one in which the secondary flow becomes chaotic through a curved channel where Copyright © 2012 SciRes. OJFD Y. HAYAMIZU ET AL. 196 In this paper, we produced a micromixer model of the curved channel several centimeters long with rectangular cr al setup is shown in Figure  % of glycerol aqueous soluVisualization wn in Table  1 . H idth of the curved channel, 2b the oss-section of a few millimeters side. The secondary flow was measured using PIV (Particle Image Velocimetry) and LIF (Laser Induced Fluorescence) methods to examine the secondary flow characteristics for the effects of rotation and aspect ratio of the channel.
Experimental Method

Experimental Setup
A diagram of the experiment 1. Two working fluids (70 wt tion and 70 wt% of glycerol aqueous solution dissolving rhodamine B at the 2.5 ppm concentration) which are reserved in the tank ①, ② are drawn to the overflow tank ⑤, ⑥ by the pump ③, ④. Then, it flows into the curved channel, a test section ⑨, via the inlet tube ⑦ and goes to the drain tank. The test section consists of two parts, i.e., the rotor and the casing. The channel is formed of the casing and the rotor where the upper wall and right (inner) wall of the channel are the rotor walls capable of being rotated (refer to Figure 2 ) when one sees from the upstream of the entrance. The rotor is rotated by the motor ⑧. The flux of the test section can be controlled by the needle valve ⑩ which is at the exit of the test section. We measured the number of revolutions of the rotor and the weight of outflow working fluid during a certain time. A viewing block is installed to ease the refraction of light in case of visualization of the secondary flow. We used Davis 7.2 (LaVision) for PIV and LIF, and hollow-glass particles (particle diameter 9 -13 μm) of a specific gravity 1.1 for tracer of PIV.
Curved Channel and Method of
The dimension of the curved channel is sho ere, 2a is the w height of the curved channel, R the radius of curvature of the center line of the curved channel, and l the total We acquired the image of only the hollow-glass particles by ins ass filter (center wave length of 532 nm and full width at half maximum of 10 nm) in a high speed camera for PIV to calculate the velocity distribution. We acquired the fluorescence only of the rhodamine B by installing the high-pass filter (transmitted wave r LIF to calculate the concentration distribution. We also measured the viscosity of glycerol aqueous solution using the precision rotational viscometer before and after the experiment and confirmed that there was no viscosity change throughout the experiment. The density of glycerol aqueous avimeter.
Experimental Results and Discussion
The experiment was carried out in the range of the Dean number from 0 to 1. The Taylor number are taken to be 0, 3 and −3. Figure 8(b) , the reversal of the mean axial flow has been generated from x = −1.5 mm to 0 mm. It is thought that the cause of the occurrence of reversal of the mean axial flow is due to the adverse pressure gradient created by the increase of the exit side pressure under the effect of the rotation of rotor. Figure 9 shows the case for Tr = −3 and De = 0.3. In Figure 9 , the reversal of the mean axial flow has been generated by the rotation of rotor near the ro for Figures 9(b) and (c) , because the pressure of the entrance side increased by the rotation of rotor, velocity is large by the favourable pressure gradient. Thus, it is found that when good mixing is realized, a secondary flow becomes chaotic due to destabilization of the unstable reversed mean axial flow. Comparison of the LIF results of Mixer I and Mixer III in Figures 5 and 11 shows that mixing is more promoted in the Mixer III than Mixer I, and that the structure of the 
Conclusions
In the present paper, we made the micromixer with a rotor and a curved channel which can mix low Reynolds number flows efficiently, and obtained following results experimentally:
In case of γ = 1 (Mixer I) and γ = 2.25 (Mixer III), the tation effect of the channel become uous for , and good mixing effect is achieved for those cases. This tendency appears more strongly if γ is It is concluded that in case of good mixing, a secondary flow becomes chaotic due to destabilization of the unstable reversed mean axial flow.
